ABSTRACT -The persistent pesticide 1,1,1-trichloro-2-(2-chlorophenyl)-2-(4-chlorophenyl)ethane (o,p'-DDT) has been implicated as an endocrine-disrupting chemical. In this study, we performed DNA microarray analysis to assess hepatic gene expression in male Japanese medaka (Oryzias latipes) exposed to 1 ppb and 100 ppb o,p'-DDT for 48 hr. Results showed that 1 ppb o,p'-DDT induced the expression of choriogenins (chgH, chgL, and chgH minor), and 100 ppb induced the expression of vitellogenins (vtgI and vtgII) and estrogen receptor alpha. These genes showed considerably high up-regulation among the genes assayed and showed good dose-dependency. Thus, in this study the female hormone-like endocrinedisrupting effect of o,p'-DDT at gene expression level was clearly observed in Japanese medaka.
INTRODUCTION
Dichloro-diphenyl-trichloroethane (DDT) is one of the most well-known synthetic organochlorine pesticides used for the prevention of malaria (ICPS,1979) , which compound structure permits several different isomeric forms, and has been implicated as an endocrine disrupting chemical (Arcand-Hoy and Benson, 1997) . By the Stockholm Convention, which was ratified in May 2004 by 50 nations, initiatives were taken to minimize production, import, export, use, and release of twelve persistent organic pollutants (POPs) (UNEP-Chemicals, 2004) . Of these Stockholm Convention POPs, nine (aldrin, chlordane, DDT, dieldrin, endrin, heptachlor, hexachlorobenzene, mirex, and toxaphene) were in fact organochlorine pesticides, and DDT was included. The moratorium on DDT use unfortunately resulted in an increase in the number of human deaths from malaria, and in response South Africa appealed for a "limited and controlled" application of DDT to eradicate the malaria-causing pyrethroid-resistant mosquito, Anopheles funestus (Bouwman, 2000) . In 2006, the World Health Organization (WHO) and the US Agency for International Development (USAID) decided to endorse indoor DDT spraying to control malaria (WHO, 2006) .
DDT is highly toxic to fish; the 96 hr LC 50 (static test) ranges from 1.5 to 56 ppb (largemouth bass and guppy, respectively), and juvenile fish seems to be more susceptible than adult fish in the same species (IPCS, 1989) . In spite of these facts, there is few toxicological research focusing on comprehensive molecular responses (differential gene expression) to DDT exposure (Shutoh et al., 2009 ). In present study, male-to-female sex reversal occurred in 86% of genetic males after exposure to 227 ± 22 ng/egg o,p'-DDT employing microinjection (Edmunds et al., 2000) . Effects of o,p'-DDT on gene expression has rarely been discussed so far. Thus, the aim of this study was to investigate toxicologically significant effects of o,p'-DDT exposure on gene expression in Japanese medaka (Oryzias latipes) using DNA microarray.
MATERIALS AND METHODS

Chemicals
The organochlorine o,p'-DDT (Wako pure Chemical Industries, Osaka, Japan : Cas No. 789-02-6) was dissolved in Methanol. The methanol of at least 99.8% purity was purchased from Wako pure Chemical Industries.
Fish
Adult Japanese medaka (3-month-old males of the orange-red strain, i.e., weight 266.1 ± 36.8 mg, length 29.80 ± 1.2 mm) were obtained from National Institute for Environmental Studies (Ibaraki, Japan). They selected from a brood stock at Ecogenomics, Inc. (Fukuoka, Japan) for more than 7 years, and they were maintained in a 5-l glass aquarium with flow-through system at 24 ± 2°C and a 16 hr : 8 hr light:dark cycle. Fish were fed twice daily with brine shrimp (within 24 hr post-hatch) (El-Alfy and Schlenk, 2002) .
Exposure design
Adult male medaka were exposed to 1 ppb and 100 ppb o,p'-DDT in 2-l glass aquarium for 48 hr without being fed. In each experiment, control fish were exposed to vehicle (100 ppb methanol). After the exposure, liver was surgically removed and immediately immersed in RNAlater solution (Sigma-Aldrich, St. Louis, MO, USA) in order to inhibit RNA degradation.
Medaka DNA microarray gene expression analysis
Total RNA was extracted from the liver with an RNeasy Mini Kit (Qiagen, Hilden, Germany). Integrity of the total RNA was evaluated by Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA), and the qualified total RNA samples were used in the further DNA microarray analyses. For DNA microarray hybridization, antisense RNA (aRNA) was our choice, prepared by Amino Allyl MessageAmp II aRNA Amplification Kit (Ambion, Austin, TX, USA), and a fluorescent dye, Cy5 (GE Healthcare, Little Chalfont, UK), was used to label the aRNA samples.. DNA microarray hybridization and analyses were carried out with EG Medaka-750 microarray (Ecogenomics, Inc.), that contained 835 medaka cDNA probes (300 ± 25 bases in length) and each of them were spotted in triplicate. The Cy5-labeled aRNA samples were hybridized to the microarray probes in 40 μl of hybridization solution in a moist chamber for 16 hr at 42°C. The hybridization solution contained 50% formamide (Wako Pure Chemical Industries), 5 × saline-sodium citrate (SSC; Sigma-Aldrich), and 0.5% sodium dodecyl sulfate (SDS; Ambion). After the hybridization, the microarrays were washed by 1 × SSC/0.2% SDS, 0.1 × SSC/0.2% SDS, and 0.1 × SSC wash solutions in such an order. Then, the microarrays were scanned with FLA-8000 Fluorescent Image Analyzer (Fujifilm, Tokyo, Japan) at 10 μm-resolution, and expression signals of the 835 genes were quantified.
Statistical analysis
Expression signal data collected from each of the 835 microarray gene probes were normalized to that of ribosomal protein L7 mRNA. Subsequently, the normalized data were analyzed statistically by t-test with offset correction and p < 0.05 significance cutoff to obtain significant change in each gene's expression ratio between exposure and control.
Quantitative real-time polymerase chain reaction analysis
Results of the microarray analysis were validated by quantitative real-time polymerase chain reaction (qRT-PCR) analysis. Template cDNA was synthesized from the same set of total RNA samples that were used for the DNA microarray analysis with Moloney murine leukemia virus (MMLV) reverse transcriptase (ReverTra Ace; TOYOBO, Osaka, Japan) with oligo-dT primer (Ambion). The qRT-PCR was performed with a SYBR Green Realtime PCR Master Mix Plus Kit (TOYOBO) using ABI7300 Realtime PCR System (Applied Biosystems, Foster City, CA, USA). Relative expression levels were obtained, and the expression level of each gene was normalized to that of ribosomal protein L7 mRNA (Zhang and Hu, 2007) . All experiments were performed in triplicate for each sample.
RESULTS AND DISCUSSION
We used DNA microarray analysis to assess molecular toxicological effects of o,p'-DDT exposure in the liver of adult Japanese medaka. Male medaka were exposed to two concentrations of o,p'-DDT (1 and 100 ppb) for 48 hr, and mRNA expression profiles in their livers were analyzed. We identified statistically significant (p < 0.05) up-regulation (expression ratio of exposed to control > 3) in 8 genes responding to 1 ppb o,p'-DDT and 25 genes responding to 100 ppb (Table 1 ). The greatest up-regulation in response to 100 ppb o,p'-DDT was observed in choriogenins (chgH, chgL, and chgH minor), vitellogenins (vtgI and vtgII), and estrogen receptor alpha (Table  2 ). In medaka, choriogenins are egg envelope precursor proteins that are synthesized in the liver of spawning females in response to estrogen, and they have been used as biomarkers for monitoring estrogenic chemicals in the aquatic environment (Sugiyama et al., 1999) . Also, vitellogenins are frequently used as biomarkers for assessing the effects of estrogenic chemicals (Iguchi et al., 2006) . Up-regulation of these estrogen-responsive genes by o,p'-DDT showed dose-dependent induction similar to the one induced by estrogen and estrogen-like chemicals (Table   2 ). These sets of DNA microarray data were consistent with those obtained from qRT-PCR validation analysis.
o,p'-DDT at concentration of 1 ppb also induced the expression (expression ratio exposed to control = 7.2) of a gene similar to human dexamethasone-induced ras-related protein 1, which is expressed in a variety of tissues including heart, cardiovascular tissues, brain, placenta, lung, liver, skeletal muscle, kidney, pancreas, gastroin- 
Heterogeneous nuclear ribonucleoprotein A/B putative (Salmo salar clone)
all_halibut.250.C2 mRNA (Hippoglossus hippoglossus) >3 b) -Up-regulation was defined as an expression ratio of exposed to control > 3 and < 0.5. a) SD: standard deviation b) Raw data is presented for samples for which the control signal was zero.
testinal, and reproductive tissues (Su et al., 2004) . The function of this gene in medaka is unknown, but it may provide information as a novel biomarker due to its sensitivity to the low concentration of o,p'-DDT. The possibility of using dexamethasone-induced ras-related protein 1 as a biomarker will be investigated in future experiments.
In conclusion, the results of this study indicated that o,p'-DDT had distinctive effects on the endocrine system and the liver mRNA expression of male Japanese medaka.
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